Purified chloroplasts were disrupted and then fractionated by discontinuous sucrosedensity-gradient centrifugation. Envelopes contained long-chain acyl-CoA synthetase at a specific activity 80 times the activity in the lamellae or the stroma. Acetyl-CoA synthetase was concentrated in the stroma, and chlorophyll was confined to the lamellae membranes. Phospholipase D was not detected in any fraction.
The chloroplast envelope has come under increasingly close scrutiny as a possible major site of lipid metabolism in spinach leaf cells. The envelope has been found to be the site of monogalactosyl diglyceride biosynthesis (Douce, 1974; Van Hummel et al., 1975) , to be rich in the polar lipid precursor 1,2-diacylglycerol (Joyard & Douce, 1976a) and to have a high lipid:protein mass ratio (Douce et al., 1973; Poincelot, 1973) . In addition, our previous observation of ATPdependent long-chain [14C]acyl-CoA synthesis from [1-14C] acetate by isolated intact chloroplasts was interpreted as indicating that the synthesis could be taking place in the chloroplast envelope.
On the basis of [1-14C] acetate incorporation into leaf lipids in vivo, we have hypothesized (Slack & Roughan, 1975 ) that oleic acid, synthesized in the chloroplasts, is transferred to phosphatidylcholine ofthe endoplasmic reticulum, where further desaturation to linoleic acid occurs . This movement of a long-chain fatty acid out of the chloroplast would presumably be facilitated by the formation of fatty acyl-CoA at the plastid/cytosol interface and subsequent release ofthe derivative into the aqueous milieu. Synthesis of endoplasmicreticular phosphatidylcholine from this acyl-CoA would be consistent with the observation that in vitro the oleate moiety is rapidly transferred from oleoyl-CoA to microsomal phosphatidylcholine (Baker & Lynen, 1971; Vijay & Stumpf, 1971; Slack et al., 1976) .
The present paper reports on the distribution of long-and short-chain acyl-CoA synthetases in chloroplast fractions isolated by discontinuous sucrose-density-gradient centrifugation.
Materials and Methods
Spinach plants (Spinacea oleracea, cultivar Hybrid 102) were grown as described previously (Slack & Vol. 162 Roughan, 1975 (Slack & Roughan, 1975) . For the separation of chloroplast components, chloroplasts were isolated, purified and fractionated by the method of Joyard & Douce (1976b) . except that the discontinuous sucrose-density-gradient centrifugation for the separation of envelope and lamellae membranes was carried out at 25000 g for 60min in the HB-4 rotor of a Sorvall RC 5 centrifuge. Envelope and lamellae pellets were resuspended in 25mM-Hepes*/NaOH, pH7.9, containing 5nMM-MgCl2, 2nM-EDTA and 1 mM-dithiothreitol. A microsomal fraction, prepared from spinach leaf homogenates by magnesium precipitation (Diesperger et al., 1974) , was resuspended in the same buffer.
Long-chain acyl-CoA synthetase activity of intact chloroplasts was measured in a system identical with that used previously for [1-14C]acetate incorporation except that the ammonium salt of 14C-labelled fatty acid (18.5AM, 0.25,Ci) replaced acetate, and 0.5mM-CoA with or without 2mM-ATP were included in a reaction volume of 0.25ml. Reactions normally contained chloroplasts equivalent to 25-30,ug of chlorophyll. Formation of acyl-CoA was followed either by the filter-paper-disc method (see below) or by partitioning the [14C]acyl-CoA into acidified aqueous propan-2-ol and the 14C-labelled fatty acid into light petroleum (b.p. 40-60QC) (Mancha et al., 1975 (Dawson & Hemington, 1967 ) from phosphatidylcholine isolated from chloroform/methanol extracts of cauliflower florets by a combination of column chromatography on silicic acid (Rouser et al., 1967) and DEAE-cellulose (Nichols & James, 1964) . Chlorophyll was determined by the method of Arnon (1949) , and protein was measured by a modified Lowry procedure (Schacterle & Pollack, 1973) Joyard & Douce (1976b) . In our preparations the fraction banding at the 0.6M/0.93M-sucrose interface, which has been identified by electron microscopy as being composed chiefly of envelopes (Joyard & Douce, 1976b) , contained no chlorophyll, but had long-chain acyl-CoA synthetase in high specific activity. In contrast, the stromal fraction, which remained at the top of the gradient, contained acetyl-CoA synthetase in high specific activity, but had a low specific activity for long-chain acyl-CoA synthetase (Table 1) . Thefraction bandingatthe 1.2 M-/ 1.5M-sucrose interface, and identified as chloroplast lamellae (Joyard & Douce, 1976b) , contained all ofthe chlorophyll from the original purified chloroplasts, but contained negligible acyl-CoA synthetase activity. In our preparations this lamellae fraction contained 55-65 % ofthe total chloroplast protein, the envelopes contained 1-2 % of the total protein and the stromal protein made up the balance.
Since oleic acid was the predominant free fatty acid synthesized by isolated chloroplasts , it was expected that the long-chain acyl-CoA synthetase of chloroplasts might be relatively specific for oleate. Whole chloroplasts synthesized oleoylCoA at 3-4 times the rate for palmitoyl-CoA in the present study, and isolated envelopes, at high protein concentrations (300-400,pg of protein/ml) in the assay, showed a similar preference for oleoyl-CoA synthesis. However, in the region where synthetase actiyity was proportional to protein concentration (10-50.ug of protein/ml), ammonium palmitate was esterified at about 66% of the rate for ammonium oleate (Table 1) .
For comparison we have included an analysis of the acyl-CoA synthetase activities and phospholipase D activity of a spinach leaf microsomal fraction (Table 1) . Both oleoyl-CoA synthetase and palmitoylCoA synthetase activities were present at about 0.5 times the specific activity of that measured in chloroplast envelopes, but the acetyl-CoA synthetase had 15-fold higher specific activity in the microsomal fraction than in envelopes. Phospholipase D activity was readily detected in the microsomal fraction, but was apparently absent from each of the chloroplast fractions. These findings preclude the possibility of significant contamination of the envelope fraction by the microsomal fraction. Knowing (a) the contribution of the protein in the separate fractions to the total chloroplast protein (Table 1) and (b) the protein: chlorophyll ratio (22:1, w/w) in our isolated intact chloroplasts, we have calculated that the oleoyl-CoA synthetase activity of the chloroplast envelope was 2 times that required to cope with maximum rates of oleic acid synthesis by chloroplasts in vitro (Roughan etal., 1976) . Similarly, the acetyl-CoA synthetase activity of the chloroplast stroma was 5 times that necessary to account for maximum observed rates of [(4Cqacetate incorporation into the lipids of isolated chloroplasts (Roughan etal., 1976) .
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